
I . * , 

L  . . 

UGR Open File Report If224 

SPE Paper Number 8738 

ECONOMIC ANALYSIS CF FSAM FRACTUR 
PRELIMINARY REPORT 

ING IN THE GEVONIAN SHALES: 

A. Liebenthal, C.A. Komar, H.H. Rieke, C.R. Skillern 

r 

The Department of Energy's Xorgantown Energy 
Technology Center (3OE-?ETC) has, since 1975, been 
sponsoring a number of foam fracturing stixlation 
treatments in :tie 3evonian Shale. Xei1.s stizuiated 
with foam appear to have 'better potential than hy- 
draulically st'irxlated wells. This is indicated by a 
mean initial open flow race of 329 Ucfi3 cbtaized 
from nfw conventional size pilot treatments in the 
periphery of the Bia Sandy region. In additicn, t:le 
mean initiai open flow rates of three rrelis that 
received sultinle mass ive foam treataents has been 
396 ?icfI:3, even though they we-e in an 012 2rodxir.g 
area that :ras Tartially depleted. The costs cf f0.m. 
stinula:ion are however definitely higher tnan tksse 
of Jellid uater fractsrins. 

This paper presents a preiixinary economic 
_- 

analysis 01 roan treatments. It uses a discounted 
cash flow nethsd and generalized production decline 

. 
curves 33sec 0:: actual production data frcr; 25 
hvdraulicali- frac:ured veils in the Devonian Shale 
(iis Sandy r;:ion) of Eastern Kent,u:ky. The results 
cf the study show that gas produc:ion from foam 
fraced veils is economically viable if :he resulring 
nroductizn decline curve is sisflar to that oi hy- 
draulicslly fractured weils Ath the same initial 
open flow rates. 

It has been established geoiogicaily that 2 
potentiall:r siznif' icant scurce of natsral $as lies 
in the Devonian Sbales of the Appalachian, Illinois 
ar&Xicnigan &ins of the eastern L‘niied States. 
fie shales underi?&,an area of approxirrataly X0,X0 
squam, xiles and are\',distributed in discrete units 
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The technological c:hallange is to find nracti:al 
2nd econonic ways to produce this resource. indus:ry 
2nd the Deparment of Energy (305) are nresencly 
involved in developing, inproving, and 2val~uatin; 
different well stimulation technJlogi%s ?rc?osed for 
the e.xploitation of the Devonian Shales. One of the 
technologies under consideration is the use of fcan 
as 2 low-residual fracturing fluid. Foam has been 
used quite uidely in the oil and gas industrl; for 
the past five years2*3vi. The use of foam fract.l:ing 
in the Devonian Shale evolved frcn reserirch at DOE's 
Morgancos;n Sner?,y Technoiogy Center (?IE?C) that 
started in 19i5 2nd uas directed at inproving gas 
productivity froo zew shale srells5t6. Togstier uith 
independent gas producers and in cost sS.aring c?n- 
tracts with Kentucky Yest Virginia Gas Co., ZsnjsiL- 
dated Cas Co., and ColurJbia C2s System, i!OE-?ETC 
has conducted a nurrber of both conventionai-site 
(% lOG0 bbls) and massive-sire (33rJO-6300 bbisj 
foam treatments in stimulating gas produc:isa froz 
diff erent stratigraphic units within tr.2 Devonian 
Shale formation' Pi. Although the number of rests 
invoived and tke iength of their productto:: liisrsr:: 
do not yet *wzrrac: a statistically-based 2nal::sis 
of the economic viabiiity of foam fracturing. 
sufficient data *has been accrtnuiated to allor f,or 
a preliminary eval~~ation of its economic potential. 
This paner Fresents 2 parrsecric approach th2t '42s 
used to obrain ?reiiriitary insights cn tile ecocmics 
of foam fracturing in :he Devonian ShaLes. 

Field data from both coEver:tiJnai size 2nd 
massive size foam treatments in the Devonian Shales 
have been acc.snulated by the DOE-E?C in cooperative 
projects \i:h various 33s nrcducers. 3e location 
of the Peas zTeatm2r.i t2s.t i-ells is shozx In 
Figure 1. Trezred in:erral5 include bet'?. the L?per 
and ?l?ddls 3rsm. S-&2- sectior,s of the Ap?slac:r5an 
32sfn, the Sew A1bar.y jhle in tta Iil.LZOiS 22Si1, 

and i.1~ .LztrL~. SC. *a:2 sf the ?!ichiSan 32sin. --l-C- ___-- 
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Conventional Size Treatments 

1.. Foam fracturing in the Hew Albany Shale failed 
because the wel? was plagued with the loss of 
energy assist medium (nitrogen) Into the 
fracture! formation before cornplate flowback 
occurred . 

2. Foam fracturing in :he Antrim Shale was able to 
stimulate gas production in a step out well that 
was three miles from the gas producing Chester 
Field. Initial results indicated that after 
nine days, the well was producing 150 &f/D. 
A substantial water influx of 44 bbl/D accompan- 
ied the productiong. 

3. Nine of tea foam fracturing treatments Con- 
ducted In the periphery of the 3ig Sandy region 
had inftial:apan fiou rates ranging from 103 to 
730 ?kffD with the mean value being 329 Xcf . 
OI-LLY one of these wells, if7246 in Perry County, 
Kentucky is now producing into a line. Its 
production has been 17 ?iMcf ia the first -yaar 
and 18 .Wci in the second year. h second well, 
07239, was on line for 19 months but has now 
been shut in for coal operations. The produc- 
tion history of these wells is shovn in Figure 2. 
The data on six of the welis was developed inde- 
pendently by Columbia Gas Company. 

Yassi*;e Size Treatzients 

Ten operationally successful massive foam 
fracture treatments were perfomed in foi.ir strati- 
graphic intervals of the Devonian Shale. The 
tests were conducted in a 3-veil farmout area ia 
Lincoin County, ‘riest Virginia within an established 
gas producing region containing 75 old wells;C. 

In veil No. 2OiO3 at the test site, each of 
the four massive :reatnents used foam as the 
fracturing ned<.. AU3 to reduce potential cleanup 
problems in this low pressure (260 psi) reservoir 
by taking advantage of the foam’s energy assist 
mechanism. Each creatmenr design called for 1000 
gallons of f;am to be injacted for each foot of 
perforated interval so that a comparative analysis 
of stratigraphic interval production potential 
could be made. The test intervals and the reslllts 
of flow tests after stinuiarion are shovn in 
Table 2 for weli So. 2OL03 and adjacent t2st wel:s. 
Post frac flow rates fx four different perforated 
intervals were 110, 200, 107, and 160 Mcf/D respec- 
tively . Its production :5istory is shown in 
Figure 2. 

As an alternative to the -se of foam entirely, small- 
er perforated intervals of :he same stra:igraphic 
sections vere s:tiulated vith neariy squal voiumes 
of foam and water in three of four avaiLable pay 
zones ia the shals veil So. 2OLOl. TSese treatments 
utilized foam as a spearhead and gelled vater as the 
fracturiz3 -,eCi,~n. ?.esults of Zones 2, 3, and 4 vere 
111, SO, and .’ --, respectively (Table 1). b direct 
coaparison of these tones to similar zones in well 
SO. 2OLO3 shows fsam r-0 be a ‘32tter fract-ri33 
flUi:!. i;l rhis low prassur2 reservoir, the fsam 
SUNLESS vas ;Irobab?y due to i:s gr2acer effiziezcy 
a.2 fluid recovery fsllsving fracturing stice all 

other factors appear to be similar to the firs; 
well. Its production history is shown in Figure 2. 

An attempt at optimizing well performance LltiliZiizg 1 : 
efsective volumes of foam in only two intervals 
was the objective of the tests in well so. 20002 
(Table 2). Post frac open flows of 145 Xcf/D and 
139 Mcf/D were measured for Zone 1 and Zone 2, 
respectively. The sum of these values vere taken 
to represent the well5 total potential (i.e. 284 XcfiD 

XIYlXODOLOGY AXD INPETS 

Gas well operators will adopt a new stimula- 
tion technology only if it pays them to do so. That 
is, the return on investment (ROOI) of an advanced 
technology well must meet or surpass t&e pre-esta- 
blished criteria of the company in order for the 
well and the technology to be judged a success. 
Another way of expressing this is that the price 
required to obtain a pre-established ROI critaria 
muat be equal-to ar Lass tha.n the prevailing 
market price. 

For the purposes of this paper, the discounted 
cash flow (DCF) method has been adopted because it 
is widely ased by major companies as a means of 
evaluating investments from aa economic standpoint. 
The chief advantages of the DCF method are chat the 
time value of money is considered, and that the 
calculation is independent of any assumptions about 
project financing or corporate capital structure. 
Thus, the results should be equally useful to 
utilities, independents and self-help operators. 
Traditionally, the chief objection to DC? has been the 
complexity of the :alculations. This problems has 
now been overcame by the availability of computer pro- 
grams such as TW’s ECCGGAS . 

The Discounted Cash ?I.ov Xod21 

A computer aodel, ECOSGAS, has been developed 
bv TR’N based on the dsfinicion of 3CF. The 3CF 
return on investment is defcned as tbat “r” that 
solves the 2qua:ion 

z Set Cash Flov (t) 
t (:. + 7)’ * 0 (1 

In other words, the DC? :eturT: sets the projec:‘s 
net present value equal to zero. Adapting the 
above deflnicion to the evaluation of gas drilling 
ventures results in tSe followir~g equation usad 
by the model: 

-DO 
- UC - E g 
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+F 
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D(:) r + 
(ii.;)‘ 

3% l VCn PC 
l-r (l;r? (2) 

vhere 

PO = ;aizfal gas price, in Sikf 

&? = Yearly price incremest, in S!UCf 



Q(t) 

O"o 

a 

Dc 

D(t) 

Ec 

WC 

u 

Gas production, in Mcf/year 

Operating and maintenance expenses, 
in S/year 

06M expenses escalation rate 

Tangible costs that must be depre- 
ciated, in $ 

Depreciation, in $/year 

Intangible costs that can be ex- 
pensed, in $ 

Pro-rated working capital costs 
per well, in S 

Income tax retention rate (l-federal 
tax - state tax rate) 

Zoyalty rate 

Investment tax credit rate 

DCF return on investment 

Life of well, in years 

Time index, in years 

Phe model is programmed for two modes of operation 
?.s follows : 

. 
$ode 1: Givena desired return on investment, r, it 
:alculates the gas price schedule, T(t), such that 
the desired retxn is received. 

!&ode 2: 
resulting 

Given am initial_ price, ?o, it computes the 
return on investment, r. 

Ihe model can also be programmed to take inflation 
(in price and OhM expenses) into account. 

Cost Data Input 

The cost data for :his paper are based on the 
actual operational costsexperienced by Columbia Gas 
in its field tests of the massive foam fracturing 
technology. Table 3 gives a detaiied account of the 
actual operational expenses. It may be noted that 
stizulation costs xere Si20,GOG Ott of .an intangible 
cost (including veil and well line) of $317,393 for 
the optimized treatment well $20402. ?;ot included 
in Table 3 are addirional research related items 
(amounting to SiG3,490) that were charged to the 
well but which vouid not normaiiy occur in an 
operational node. Columbia Gas has also estimated 
that further refinercents in massive foam fracturing 
(i.e., a one-stage ireatment of all zones) could 
bring ahout a cost savings of approximately $43,000 
in a well such as 12OLO2. Tsus , the projected intan- 
$i!lle COSt Of nassively foam fractured well would be 
S274,48G, as shown in Table 3. 

Cost estimates for smaller foam fracturing 
treatments rangx-, from 1,000 bbls to 3,000 bbls 
were obtained fron contractors and are shown cn 
Table 43. To simplify comparison, the costs of a 
conventional (1,000 bbls) foam frac treatment uere 
assumed tc be the same as those projected ic Table 3 
except ror the stimulation cost, which is S14,15i 
rather iSan S90,OCG. Thus, the tctal intangible 
cost of a conventionally foam fractured ~011 is 
esti-oa:ed to be Si?S,53i. 

3 

Production Data and hssmntions 

AS most of the wells on which the foam treatmenis 
have been tested have not yet been put on line, the 
only production data available are 27 months’ of -Gel1 
117246, 19 months’ of veil j/7239, which Sas been shut 
in, and four months’ of wells 820403 and r120401. This 
data is shown in Figure 2. In addition. the data on 
Table 1 shows that seven out of eight conventional fear 
treatments in the 3ig Sandy peripheral region have 
a mean initial open flow (IOF) of 388 Xcf/D. Toe 
average initial open flow of the three massive foam 
treatment test wells in Lincoln County (adding togethe 
all the zones) is 394 XcffD. 

To perform the DCF analysis required to evaluate 
the economics of foam fracturing, it was postulated 
that a definitive relationship exists between a -dell’s 
measured initial open 
tive gas production A2 

flow rate (IOF) and its cumula- 
. This postulate is based in 

part on the experience of Kentucky-West Virginia 
Gas Company and Col,mbia Gas Company that in the 
Devonian Shale, wells wits similar initial open flow 
rates behave similarly tSrousSout their operating 
lives. Pased on these observations, two generalized 
well production decline curves were prepared based 
on eight years of actual production data from 25 
hydraulically fractured wells in the Devonian Shale 
(3ig Sandy regicn) of Eastern Kentucky. Production 
beyond eight years were obtained 5y assuming an 
exponential production decline model. The :wo 
curves, representing initial open fiOW rates of 
350 Xcf/D (based on five uells), and 50 Ycf/D to 
250 ?icf/D (based on 20 wells) are shown on Figure 3. 
These curves were used to provide a basis for the 
preliminary eccnomic *valuation. 

OtSer Economic Assumtions 

One of the nest important factors influencing 
the economics of Devonian Shale was the passage of 
the Satural Gas Dolicy Act of 1978 (SGTX). The SC?.: 
sets maximum lawf,.A pri:es for “Elrst sales” by 
gas producers. The maximum iawful price for nest 
categories of natllral gas, among then, “high-cost 
natural gas” which includes ihat produced from 
Devonian Shale, is upwardly adjusted by a mon:hl:I 
inflation factor, plus a real gro%-th factor of 3.5:: 
per year. Initially, the xxi;lum price ceiling was 
“high Cost natural gas” was se: at 2.073 $i.?!?3tu far 
December 1978, and is schedulad :o increase by a;prox- 
oateiy tW0 cent3 per month tSiOU3S 197913. 

To take this new development into account, the 
DCF calculations were performed both in.constant 
dollars, as well as asscning :Siee different price 
escalation scenarios. 3e three price escalation 
scenarios arc represented by yearly price increments 
of 0.08 S/Xc:, 0.14 S/‘Qf and 0.20 SfYcf. .I Corres- 
ponding to :hesa price escalation scenarios, the 
operation and sais:esnce expenses were pos:uIated 

t0 
. . . increase at 4X, i?:, and 1OZ per year respecrive~;. 

These three escalation scanarios vere designed to 
show the sensitivity of esononic criteria such as 
301 and required price to varyin rates of inflatisn 
and are not mean: to ‘be irea:& as fsracas:s. 



RESULTS OF THE .AXALYSIS 

The results of tSe DCF analysis are showo in 
Figures 4 and 5. Figure 4 show the prices required 
to obtain a 201 of 15 percent, given an intangible 
cost estimate, a price escalation projection, and 
a production scenario from Figure 3. As discussed 
before, the intangible cost estimates correspond 
to a conventional size treatment (stimulation cost = 
$14,157. intangible cost - S1?8,637), optimized 
massive size treatnenc (st-inulation cost - $90,000, 
intangible cost = $274,480) and actual massive size 
treatment (stimulation cost - $120,000, intangible 
cost - $317,380). 

The results in Figure 4 indicate that as long 
as production corresponds to the 350 ?icf/D scenario, 
the required price viL be below the maxis~ua lawful 
price vhich is 2.636 S/Xcf in October 1979, at 1150 
Btu/f4cf!~h. These prices also look favorable 
compared to the price of 2.SO S/?icf that is 
currently paid for Canadian izports. On the other 
hand, if production should turn out like the 
50-250 HcffD scenario, this gas will.not be 
competitive. 

The results of :omputing the return on invest- 
ment as function as expecred price, setting the 
initial price at -.i ' '0 SlMcf, are plotted on Figure 5. 
Sere again, :he econonics of the treatment appear 
to be highly sa :isfactory if production fOiiOWS be 
350 Ycf/D scenario and marginal at best if produc- 

tlon follows the 50-250 ?!cf/D scenaric. 

CCNCL’dS ION 

As is evident fro-9 looking at Ffgures 4 and 5, 
the economic attractiveness of foam treatments is 
highly sensitive to :he prod,uction scenario that 
is achieved and less sensitive to the costs cf 
stimlation (i.e., intangible costs). This suggests 
that either conventional or zassfve foam treatsents 
would be economically attractive if the well pro- 
ducticn history assuaed tare for the 350 Xcf/D 
case can be consistently ac:%eved. 
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TABLE 3 

ESTIMATED OPERATIONAL WELL COSTS 

Actual1 Projected2 
costs . costs 

Tangi bl es-We1 1 

Casing, tubing, wellhead, 
misc. material 

Intangibles-Well 

Company Labor 
Drilling, Casing Crews, 

Raw Material, Use of Auto 
and Hauling 

Service Rig 
Logging 
Perforating 
Cementing & Float Equipment 
Site Preparation 
Transportation 
Stimulation 
Interest During Construction 
Stores Expense & Freight 
Labor Overhead 
S & A and A & G Overheads 

Total Well Cost $333,670 

Well Line Cost3 

$ 38,720 $ 38,720 

38,720 38,720 

$294,950 

12,000 

'77,590 77,590 
18,000 9,000 
4,000 4,000 
6,000 3,000 
10,000 10,000 
26,850 26,850 
2,000 1,600 

120,000 90,000 
350 '. 300 

5,070 5,070 
3,320 3,320 - 
9,770 9,320 

S252,050 

12,000 

s290.770 

Tangible-Well Line 
Intangible-Well Line 

TOTAL TANGIBLES COST 

TOTAL INTANGIBLES COST 

'Includes only costs which would normally be incurred on an operational basis, 
based on actual expenses for Well 20402. 

2 
Operational costs assuming a single stage treatment of all zones. 

3Average of actual well line costs for Welis iS%l, 20402, and 204r?3. 



TABLE 4 

Nitrogen1 

Sand 

Surfactant 

Proppant Handling 

Pumping (Foam) 

Ton - Mileage 

Blender Charge 

Mileage2 and Delivery3 

Surfactant Pump 

Clay Stabilization 

PROJECTED STIMULATION COSTS 
FOR SEVERAL FOAM TREATMENT SIZES 

1 
Based on BHTP of 1200 psi 

2Based on 100 miles 
3 Based on 10 hours 

1,000 bbl 2,000 bbl 3,000 bbl 

6,232 

3,212 

1,168 

840 

800 

630 

560 

300 

210 

204 

14,157 

10,918 15,603 

6,426 9,639 

2,336 3,504 

1,680 2,520 

1,600 1,600 

1,.260 1,890 

560 560 

537 712 

210 210 

408 612 

25,935 36,947 



TABLE 5 

INPUTS TO THE DISCOUNTED CASH FLOW PROGRAM 

INPUT NAME 

Gas Price-Initial 

Price Increment 
Low 
Medium 
High 

Gas Production 
IOF, = 350 Mcf/D 
IOF = 50-250 Mcf/D 

O&M Expenses 

O&M Escalation Rate 
Low 
Medium 
High 

Tangible Costs 

Depreciation 

Intangible Costs 
Conventional 
Massive-projected 
Massive-actual 

SYMBOL 

pO 

AP 

Q(t) 

O"O 

Y 

DO 

D(t) 

EO 

Working Capital WC 

Tax retention rate i u 

Royalty rate C 

Investment Tax Credit Y 

Return on Investment r 

Life of Weil 

I 

INPUT VALUE 

2.40 $/Mcf 

0.00 $/Mcf 
0.08 $/Mcf 
0.14 $/Mcf 
0.20 $/Mcf 

see Figure 3 
see Figure 3 

31700 

;; 
01 7- 

1Oi 

$47,520 

$10,000 

51 % 

1 5:: 

30 years 

! 

- 

COMMENTS 

Set only when r is computed 

Used in constant dollar scenario 
Used in low inflation scenario 
Used in medium inflation scenario 
Used in high inflation scenario 

Used in constant dollar scenario 
Used in low inflation scenario 
Used in medium inflation scenaric 
Used in high inflation scenario 

Double declining balance with 
switchover to sum of years 
digits 

Stimulation = S?S,l57 
Stimulation = 590,000 
Stimulation = Sl20,OOC 

Assumes 46:: federal income 
tax and 6% state income tax 

Assumed to be 12.5% of revenue 

Credited in first year of 
production 

Set only when price is ccnputed 1 



FIGURE 1 

LOCATION OF FOAM TRBTXEXT TSST 'JZm 

LEGEND 

l rzGTkNTION*L FOAM 
0 HrSflVE FOAM 



: 1. 

FIGURE 2 

;; PRODUCTION FRO!! FOAM FRACTURED TEST WELLS 



FIGURE 3 

GENERALIZED PRODUCTION DECLINE CURVES 
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FIGURE 4 

REQUIRED PRICE OF FOAM TREATED WELLS 

(RQI=l%) 
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